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Description 

STRATEGY FOR MINIMIZING NOISE 
PERCEPTION IN A VEHICLE 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates generally to a method of 
minimizing noise perception in a motor vehicle, and in 
particular to a method of masking the noise attributable 
to the battery cooling system of a hybrid electric vehicle. 

[0003] 2. Background Art 

[0004] Governmental regulations and environmental concerns 
have dictated the need for automobile manufacturers to 
develop more fuel efficient power trains. All-electric and 
hybrid electric powertrains are two examples of such 
powertrains currently under development. Although all 
electric vehicles are desirable in that such vehicles offer 
the potential to be simply regenerated by plugging into a 
power outlet and may completely eliminate fossil fuel de- 



pendence, even after many years of research these vehi- 
cles are currently limited by current technology and only 
have a limited distance range. Hybrid electric vehicles 
possess increased fuel economy by combining the func- 
tionality of electric vehicles with internal combustion vehi- 
cles. 

[0005] Hybrid electric vehicles ("HEVs") combine an internal com- 
bustion engine or some other primary source such as a 
fuel cell system with a secondary power source such as a 
high powered battery and electric motor. This dual power- 
ing mechanism allows HEVs to have extended range and 
similar refueling to fossil fuel vehicles. Presently, batteries 
are only able to store enough energy for short trips. 
Therefore, the inclusion of an internal combustion engine 
in HEVs allows an onboard generator to recharge the bat- 
tery and to be used as a power source to run the electric 
engine. This combination not only leads to increased en- 
ergy savings but also a decrease in undesirable automo- 
bile emissions. 

[0006] There are currently various designs for hybrid electric ve- 
hicles. However, HEVs generally include primary and sec- 
ondary power sources, a mechanism to propel the vehicle, 
and one or more energy storage devices. Power sources 



include internal combustion engines, gas turbines, and 
fuel cells. Electric motors are one type of mechanism used 
to propel HEVs and may be combined with a variety of 
transmission mechanisms, such as, planetary gear sets, 
CVTs, and other gearing for delivering tractive force to the 
vehicle's driveline. Although batteries are the most com- 
mon storage devices, alternatives including ultracapaci- 
tors are possible. 
[0007] The high powered batteries which are presently used tend 
to be quite large and bulky requiring cooling because of 
the high current drawn to propel a vehicle. Typically, the 
high powered batteries are kept cool by fans. These fans 
tend to produce an excessive amount of undesirable 
noise. 

[0008] Accordingly, there exists a need for improvements in hy- 
brid electric vehicle design. In particular, there is a need 
for control strategies that minimize the levels of drive- 
perceptible NVH attributable to battery cooling. 
Summary of Invention 

[0009] The present invention overcomes the problems encoun- 
tered in the prior art by providing in one embodiment a 
method for reducing noise level perceived by an operator 
of a motor vehicle. The method of the invention includes 



monitoring the speed of the vehicle, and increasing the 
movement of a moveable component when the vehicle is 
at a predetermined speed. It is well known that vehicles 
naturally produce more noise as the speed of the vehicle 
is increased. Such noise is generated by the increased ve- 
hicle speed relative to the air (i.e., wind noise, road noise) 
and the necessarily increased noise from the engine as the 
vehicle moves faster. The method of the invention is ad- 
vantageously applied to any automotive component that 
produces noise, and in particular cooling fans of the type 
used for cooling of high voltage battery systems in HEVs. 
[0010] | n another embodiment of the invention, the method of 
the invention is applied to a hybrid electric vehicle in 
which the storage battery is fan cooled. Such storage bat- 
teries tend to be bulky and require cooling for efficient 
operation. The method of this embodiment includes mon- 
itoring the speed of the vehicle, and increasing the move- 
ment of the fan when the vehicle is at a predetermined 
speed. 

[001 1] | n y e t another embodiment of the present invention, a ve- 
hicle system for masking noise in a hybrid electric vehicle 
utilizing the method of the invention is provided. The sys- 
tem of this embodiment includes a battery, a fan to cool 



the battery, a vehicle speed monitor, and a fan controller 
that receives a control signal from the vehicle speed mon- 
itor wherein the fan controller increases the duty cycle of 
the fan when the vehicle is at a predetermined speed. 
Brief Description of Drawings 

[0012] Figure 1 is a flowchart summarizing the method of the in- 
vention; 

[0013] Figure 2 is a flowchart summarizing the method of the in- 
vention when the first automobile component with a 
moveable part is a fan ("the speed algorithm); 

[0014] Figure 3 is a flowchart summarizing a variation of the in- 
vention when the temperature of a second component 
cooled by a fan is monitored ("the temperature algo- 
rithm"); 

[0015] Figure 4 is a flowchart summarizing the combined use of 
the speed algorithm of Figure 2 and the temperature al- 
gorithm of Figure 3; 

[0016] Figure 5a is a plot of the waveform which is used to drive 
a cooling fan by the method of the invention; 

[0017] Figure 5b is a typical plot of the duty cycle versus fan 
speed for the fan used in the method of the invention; 

[0018] Figure 6a provides plots of the duty cycle versus speed of 
the vehicle when the engine is on; 



[0019] Figure 6b provides plots of the duty cycle versus speed of 

the vehicle when the engine is off; and 
[0020] Figure 7 is a schematic of the battery cooling system of 

the invention. 
Detailed Description 

[0021] Reference will now be made in detail to presently pre- 
ferred compositions or embodiments and methods of the 
invention, which constitute the best modes of practicing 
the invention presently known to the inventors. 

[0022] | n an embodiment of the present invention, a method for 
masking noise in a motor vehicle is provided. Specifically, 
the motor vehicle includes a first automobile component 
that has a moveable part that produces noise when the 
component is moving. The method of the invention com- 
prises monitoring the speed of the vehicle, and increasing 
the movement of the moveable part when the vehicle 
speed is greater than or equal to a predetermined speed. 

[0023] with reference to Figure 1, a flowchart summarizing the 
method of the invention is provided. The method of the 
invention is initiated as indicated in block 2. First, the ve- 
hicle speed is measured (block 4.) If the vehicle speed is 
greater than a predetermined value (block 6), the amount 
of movement of the moveable part is increased (block 8.) 



If the vehicle speed is not greater than this predetermined 
value, the amount of movement of the moveable part is 
set to a minimum value that may be zero movement 
(block 10.) The specifics on increasing the amount of 
movement are set forth below. However, it will be appre- 
ciated that the movement may be increased up to a maxi- 
mum value above which the movement is no longer in- 
creased. 

[0024] The method of the invention is advantageously applied to 
any automotive component that produces noise. More- 
over, the method may be applied to any type of vehicle. 
Suitable types of vehicles include, for example, hybrid 
electric vehicles, a fuel cell vehicle, or a vehicle with an in- 
ternal combustion engine. Although the invention is well 
suited for any component that produces noise when oper- 
ated, the invention is particularly useful when the move- 
able component is a fan that cools a second component. 
Such fans are typically used to cool such automotive com- 
ponents as a battery or an automobile radiator. A particu- 
lar important application of the invention is to cool the 
storage battery in a hybrid electric vehicle. Such batteries 
tend to be quite bulky and must be kept relatively cool to 
prevent damage and for maximum efficiency. 



[0025] The step of increasing the movement of the moveable part 
when the vehicle is at a predetermined speed comprises 
setting the amount of movement of the moveable part to 
a first value when the speed is at a first value (typically, 
this is when the speed is zero) and then increasing the 
amount of movement of the moveable part as the vehicle 
speed increases. The amount of movement of the move- 
able part is typically determined by a functional relation- 
ship which is a monotonic function of the vehicle speed. 
More preferably, this monotonic functional relationship is 
a linear relationship. Any measure of movement of the 
moveable part may be used such as duty cycle, rpms, and 
the like. 

[0026] For example, when the moveable component is a fan, the 
step of increasing the movement of the moveable part 
when the vehicle is at a predetermined speed comprises 
setting the duty cycle of the fan to a first duty cycle value 
when the speed of the vehicle is zero, and monotonically 
increasing the duty cycle as the speed of the vehicle in- 
creases until the duty cycle reaches a second duty cycle 
value. In particular, the movement of the moveable part 
when the vehicle is at a predetermined speed comprises 
setting the duty cycle of the fan to a first duty cycle value 



when the speed of the vehicle is zero, and linearly in- 
creasing the duty cycle as the speed of the vehicle in- 
creases until the duty cycle reaches a second duty cycle 
value. Typically, this second duty cycle value is 100%. 
[0027] with reference to Figure 2, a flowchart summarizing the 
method of the invention for when the moveable part is a 
fan is provided. Block 12 indicates that the method of the 
invention ("the speed algorithm")has been initiated. The 
engine's speed (i.e., rpm) and the engine status (i.e., is the 
engine turned on) is measured (Block 14.) Decision point 
16 is performed if either the engine is turned on or the 
engine rpm is greater than or equal to 600 rpm then the 
vehicle speed is measured as indicated by block 18. If the 
vehicle speed is less than or equal to 35 mph (block 20), 
the fan duty cycle is set to 1.43(vehicle speed) + 50 as in- 
dicated in block 22. If the engine speed is greater than 35 
mph the fan duty cycle is set to 100% (block 24). The 
method of this embodiment also contemplates the situa- 
tion when both the engine is off with an engine speed that 
is less than 600 rpm (Block 16.) In this scenario, the vehi- 
cle speed is measured (Block 26.) If the vehicle speed is 
less than or equal to 40 mph (block 28), then the fan duty 
cycle is set to (vehicle speed) + 40 as indicated in block 



30. If the vehicle speed is greater than 40 mph then the 
fan duty cycle is set to 80% (block 32.) 

[0028] when the moveable component is a fan, the method of the 
invention optionally further comprises monitoring the 
temperature of the second automobile component (which 
is cooled by the fan), and increasing the movement of the 
fan when the temperature reaches a predefined value irre- 
spective of the vehicle speed. Preferably, the duty cycle of 
the fan is set to a first duty cycle value when the tempera- 
ture of the second automobile component is equal to or 
below a first temperature value, and monotonically in- 
creasing the duty cycle as the temperature of the second 
component increases until the duty cycle reaches a second 
duty cycle value. More preferably, the duty cycle is mono- 
tonically increased by linearly increasing the duty cycle as 
the temperature of the second component increases until 
the duty cycle reaches a second duty cycle value. Typi- 
cally, this second duty cycle value is 100%. 

[0029] with reference to Figure 3, a flowchart summarizing the 
method in which the temperature of the second compo- 
nent is monitored ("the temperature algorithm"). This 
method is initiated as indicated by block 40. The engines 
speed (i.e., rpm) and the engine status (i.e., is the engine 



turned on) is measured (Block 42.) If either the engine is 
turned on or the engine rpm is greater than or equal to 
600 rpm (block 44), then the battery temperature is mea- 
sured as indicated by block 46. If the battery temperature 
is less than or equal to 25 degrees C (block 48) then the 
duty cycle is set to 40% (block 50.) If the battery tempera- 
ture is greater than or equal to 25 degrees C then the de- 
cision block 52 is implemented. In block 52 it is deter- 
mined whether the battery temperature is greater than or 
equal to 40 degrees C. If this condition is true then the 
fan duty cycle is set to 100% (block 54.) If this condition is 
not met, the fan duty cycle is set to 4(battery temperature) 
- 60 as indicated in block 56 where the temperature is 
expressed in degrees Centigrade. The method of this em- 
bodiment also contemplates the situation where the en- 
gine is off or the engine speed is less than 600 rpm. In 
this scenario, the fan duty cycle is set to 40%. Block 60 in- 
dicates the end of algorithm. 
[0030] with reference to Figure 4, a flowchart demonstrating the 
combined use of the speed algorithm and the temperature 
algorithm is provided. Block 62 indicates the initiation of 
the algorithms. In block 64 the speed algorithm of Figure 
2 is executed to determined a first fan duty cycle ("DS1") 



and in block 66 the temperature algorithm of Figure 3 is 
executed to determine a second fan duty cycle ("DS2"). If 
DS1 is greater than DS2 (block 68) then the fan duty cycle 
is set to DS1 (block 70). If DS1 is not greater than DS2 
then the fan duty cycle is set to DS2. As indicated in Fig- 
ure 2, this algorithm may be repeated. 

[0031] with reference to Figures 5a and b, the parameters which 
define the duty cycle are provided. The fan speed is 
preferably controlled via electrical pulse modulation 
("PWM"). The cooling fan is driven with the voltage wave- 
form described in Figure la. The voltage waveform is de- 
fined by period T. Moreover, the fan will be driven by the 
applied voltage for time t. Accordingly, the duty cycle ex- 
pressed as a percentage is defined by equation 1: 

[0032] f an p WM duty = t/T * 100% 1 

[0033] Figure 5b provides a plot of the fan speed versus duty cy- 
cle from a constant minimum up to a constant maximum. 
With reference to Figure 6a and b plots of the duty cycle 
versus speed of the vehicle with the engine on and off are 
provided. In each plot, the duty PWM duty is increased 
from a minimum value to a maximum value and then it 
levels off. Plots for different battery temperatures are pro- 
vided in the plots. When the engine is on, it is observed 



that speed at which the fan is allowed to operate at 100% 
(which makes the most noise) is approximately 35 mph 
when the battery temperature is below 40 degree C. For 
higher battery temperatures the minimum fan PWM duty 
will start at decreased speeds. Similarly, in Figure 6b, sim- 
ilar types of plots for an engine off condition is provided. 
Here, since the engine is off, the speeds at which maximal 
fan PWM duty is allowed is shifted to a larger value, or 
leveled off at a smaller maximum. This is because the en- 
gine sound is not available to mask the fan speed. 
[0034] | n a particularly preferred embodiment of the present in- 
vention, a method of masking noise in a hybrid electric 
vehicle is provided. In this embodiment the hybrid electric 
vehicle includes a fan to cool the storage battery in the 
vehicle. The method of this embodiment comprises moni- 
toring the speed of the vehicle, and increasing the move- 
ment of the fan when the vehicle is at a predetermined 
speed. The movement of the fan is preferably adjusted by 
setting the duty cycle of the fan to a first duty cycle value 
when the speed of the vehicle is zero, and monotonically 
increasing the duty cycle as the speed of the vehicle in- 
creases until the duty cycle reaches a second duty cycle 
value. The preferable method of monotonically increasing 



the duty cycle of the fan is by linearly increasing the duty 
cycle as the speed of the vehicle increases until the duty 
cycle reaches a second duty cycle value. The method of 
this embodiment further comprises monitoring the tem- 
perature of the second automobile component, and in- 
creasing the movement of the fan when the temperature 
reaches a predefined value irrespective of the vehicle 
speed. As set forth above more generally, the step of in- 
creasing the movement of the fan when the vehicle is at a 
predetermined speed comprises setting the duty cycle of 
the fan to a first duty cycle value when the temperature of 
the second automobile component is equal to or below a 
first temperature value, and monotonically increasing the 
duty cycle as the temperature of the second component 
increases until the duty cycle reaches a second duty cycle 
value. Again, the method of monotonically increasing the 
duty cycle comprises linearly increasing the duty cycle as 
the temperature of the second component increases until 
the duty cycle reaches a second duty cycle value. When a 
HEV battery is being cooled as in this embodiment, 
preferably, the first temperature value is from about 25 
degree C to about 40 degree C, the first duty cycle value 
is from about 30% to about 100%, and the second duty 



cycle is from 70% to 100%. 
[0035] | n s ti|| another embodiment of the present invention, a 
system for masking noise in a hybrid electric vehicle uti- 
lizing the method of the invention is provided. The system 
of this embodiment comprises a battery, a fan to cool the 
battery, a vehicle speed monitor, and a fan controller that 
receives a control signal from the vehicle speed monitor 
wherein the fan controller increases the duty cycle of the 
fan when the vehicle is at a predetermined speed. The fan 
controller after receiving vehicle speed information from 
the speed sensor, sets the duty cycle of the fan to a first 
duty cycle value when the speed of the vehicle is zero and 
monotonically increases the duty cycle as the speed of the 
vehicle increases until the duty cycle reaches a second 
duty cycle value. The system of the invention will typically 
further comprise a temperature monitor that determines 
the temperature of the battery and sends a control signal 
to the fan controller wherein the fan controller increases 
the duty cycle of the fan when the temperature reaches a 
predefined value irrespective of the vehicle speed. More- 
over, the fan controller sets the duty cycle of the fan to a 
first duty cycle value when the temperature of the battery 
is equal to or below a first temperature value and mono- 



tonically increases the duty cycle as the temperature of 
the second component increases until the duty cycle 
reaches a second duty cycle value. 
[0036] with reference to Figure 7, a schematic of the system of 
the present invention is provided. System 102 includes 
control unit 104 which senses the engine status via input 
106 and the vehicle speed via input 108. Furthermore, 
control unit 104 senses the battery temperature via input 
110 which measures the temperature of position 112 in 
the vicinity of battery 114 that is housed in battery hous- 
ing 116. Upon sensing that the temperature of battery 
114 has fallen below a preset temperature, control unit 
104 sends a signal via output 118 to relay 120 that acti- 
vates fan 122 to blow air over battery 114. Air enters fan 
122 at air inlet 124. The air cools battery 114 as it pro- 
ceeds over it and exits out of the battery compartment at 
air outlet 126. 

[0037] while embodiments of the invention have been illustrated 
and described, it is not intended that these embodiments 
illustrate and describe all possible forms of the invention. 
Rather, the words used in the specification are words of 
description rather than limitation, and it is understood 
that various changes may be made without departing from 



the spirit and scope of the invention. 



